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ABSTRACT 
We tracked and documented the den sites and number of kits for three female American 
marten within Manistee National Forest from April through August 2013. Kits were monitored 
using remote, motion-triggered trail cameras, and kit activity times were documented.  The 
mothers were located two to three times per week using radio telemetry.  A total of 7 kits 
documented with only 6 surviving into the rigorous tracking season and only 4 known survivors 
into mid-July.  Nineteen unique den sites were documented in three different areas of marten use 
(Olga Lake, Pine River and Caberfae), and 12 of those had cavities at ground level. All of the 
den structures were in live trees (84.2%), snags (10.5%) and fallen logs (5.3%).  The average 
DBH of den trees in each area were: Olga Lake-61.95cm, Pine River- 38.88cm and Caberfae-
47.58cm.  When each was compared to a randomly chosen tree within a random plot in the same 
area a significant difference was found for all three areas indicating selection for trees with a 
larger diameter.  Basal area was not found be significantly different and neither did a comparison 
of the DBH of trees surrounding the den tree in comparison to the random plot (Caberfae is the 
exception to the latter, a significant difference was found.)  Kit survival may be limiting the 
population but denning sites do not; however, management for mature hardwoods and pine 
stands is recommended. 
INTRODUCTION 
The American marten (Martes Americana) is a small, carnivorous mammal that, while 
widely distributed throughout the United States, occurs in a limited range of habitat types.  They 
primarily reside in coniferous forests and old-growth forests.  As such, the American marten is 
often an indicator of healthy forest structure used by the U.S Forest Service (Buskirk and 
Ruggiero 1994). 
Due primarily to habitat loss and fur trade, the American marten was extirpated from 
Michigan by 1911 (last confirmed sighting preceding reintroduction efforts).  Then in 1955 
reintroduction efforts began throughout Michigan and eventually reached the Lower Peninsula in 
1986.  A total of thirty-six marten (16 female and 20 male) were trans-located from Ontario, 
Canada to the Manistee National Forest and Pere-Marquette State Forest.  The populations 
survived and expanded thus resulting in removal from the Michigan’s threatened species list in 
1999 and the instatement of a limited trapping season in the Upper Peninsula in early 2000 
(Williams et. al 2007). Grand Valley State University, in collaboration with The Little River 
Band of Ottawa Indians (LRBOI), is currently conducting a study to characterize habitat 
structure used by marten in the Lower Peninsula and determine population growth since the 
initial introduction.  Preliminary results indicated a much slower population growth in 
comparison to that in the Upper Peninsula.   
The availability of sufficient denning habitat is crucial to the persistence of marten 
populations (Ruggiero et. al 1998); however, the increase in timber harvests throughout much of 
the available habitat has prompted a decline in many of the remaining United States populations 
and inspired studies to evaluate habitat requirements (Wynne and Sherburne 1984).  Generally, 
marten habitat is well defined by the relative amount of canopy cover; they typically avoid areas 
with limited canopy cover (Cushman et. al 2011).  Both denning and resting sites are selected 
based on thermal regulation and for both predator and climatic protection (Buskirk et. al 1989, 
Raphael and Jones 1997, Bull and Heater 2000); however, the dominant habitat type varies from 
region to region. In the western United States marten habitat consists primarily of late-
successional coniferous forests, whereas within the Great Lakes area, the dominant habitat is 
deciduous forest (Dumyahn et. al 2007). The habitat in the western United States differs 
significantly from the habitat in the Manistee National Forest (MNF), in this study. Furthermore, 
Wynne and Sherburne (1984) is the only other study, as far as we are aware, detailing kit 
production and survival.  
Our study focused on kit production and survival of American marten within MNF, 
Michigan.  We also documented the den sites of the female marten and performed vegetation 
analysis, and the sites used were compared at the vegetation level to the surrounding, available 
landscape.  The objectives of the study were to 1) monitor kit production and survival through 
independence from the mother and 2) to characterize preferred den site characteristics for 
management purposes.   
STUDY AREA 
 Our study area was located in the northern Lower Peninsula within the boundaries of the 
Manistee National Forest (MNF).  The four females with kits were distributed within three areas 
located within Wexford County: Caberfae (2), Olga Lake (1) and Pine River (1).  It is important 
to note that each of the three study areas varied significantly from each other, and therefore, can 
be considered and compared separately. 
 The study areas are dominated by red oak (Quercus rubra), black oak (Quercus velutina), 
white oak (Quercus alba), bigtooth aspen (Populus grandidentata), sugar maple (Acer 
saccharum), red maple (Acer nigrum), white ash (Fraxinus americana), American basswood 
(Tilia americana), American beech (Fagus grandifolia), black cherry (Prunus serotina) and 
eastern hophornbeam (Ostrya verginiana), more commonly known as ironwood.  The areas also 
include red pine (Pinus resinosa), eastern white pine (Pinus strobus) and jack pine (Pinus 
banksiana) stands often interspersed with red and white oaks and red and sugar maples.  The 
average temperatures range from approximately -1.1°C to 28.9°C, with an average snowfall of 
144.3 cm.  
METHODS 
Six female martens were trapped using live traps (models 103 & 105, Tomahawk Live 
Trap Company, Tomahawk, Wisconsin, USA).  All were anesthetized using isofluorine and five 
were fitted with modified model RI-2D collars (Holohil Systems Ltd., Ontario, Canada) 
beginning in January 2012.  The remaining female was first trapped and collared in the same 
manner in May 2013.  Periodically throughout the next year and into the most recent summer 
season, the original five females, and other marten as well, were recaptured, and their collars 
were tested and replaced as needed.   
Strict monitoring of the females with kits began 20 May 2013.  Females were tracked two 
to four times per week by following the telemetry signal.  Den sites were confirmed by marten 
visualization, scat, prey remains and loyalty to the same den site.  Once a den site was 
confirmed, remote motion-triggered cameras were placed around a den site, often two to three 
cameras per den.  The cameras were checked approximately every other day and photos 
confirmed usage of a particular den site as well as litter size as kits became older and agile 
enough to leave the safety of the den.  Cameras were continuously used throughout the summer 
to further monitor kit growth and survival through independence. Kits were considered 
independent when a female was consistently found in new resting sites daily, not in the company 
of kits.  Independence was further characterized by the size of the kits, approaching or exceeding 
the female’s size in photos at dens. Based on these criteria, we believe kit independence to occur 
in early to mid-July.  This coincides with the onset of the mating season, supporting our belief 
that females were no longer caring for kits. (Markley and Bassett 1942, Buskirk and Ruggiero 
1994). 
At each confirmed den site, various attributes were measured and recorded, including tree 
speices, diameter at breast height (DBH), tree structure (living or dead), cavity height and basal 
area.  UTMs were recorded for each site using a Garmin Oregon GPS unit.  Sites were later 
revisited to further study the surrounding vegetation in a 15 meter radius circular plot around the 
den tree.  In both the den and random plot we identified and measured the dbh ≥10cm, the width 
and length (cm) of all brush piles ≥1m and the diameter (≥10cm) and length (≥1m) of all course 
woody debris.  Additionally, one quadrant of each plot was selected using a random number 
table and the number and species of saplings ≤10cm DBH and ≥1m tall were recorded. Each plot 
around the den was also compared to a random plot 60 meters away from the den tree.  The 
random plots were chosen using the random number table, and the same data was collected in 
plots around dens. The DBH for all trees within both the den plots and random plots for each 
specified area were compared to each other.   
RESULTS 
 Of the six collared females, four trapped in late April to early May were determined to be 
lactating; however, one female, 367F, lost her only kit before strict monitoring began, and 
therefore only three females were intensively monitored for the remainder of the summer, 365F, 
600F and 798F.  After the first of July, 600F was not seen with her kits, therefore it is unknown 
how many, if any, in her litter survived (Table 1). Thus, only two females had known litter 
survival rates at the end of the field season, 798F and 365F (Table 1).  Remote-motioned 
censored cameras helped determine the number of kits in each litter, as well as an approximate 
age when they could venture outside the den (Figure 2 and Table 1).  Litter sizes ranged from 1-3 
with a mean of 1.75 and a standard deviation of 0.96.  The number of dens each female used also 
varied, with an average of 6.33 unique dens used by each female and an average of 7.67 total 
dens used by each.  798F reused three of her dens, 600F reused one and 365F reused none of her 
den sites (Table 1).   
 Nineteen unique dens were confirmed and characterized.  Den structures (n=19) consisted 
of living trees (84.2%), snags (10.5%) and one fallen log (5.3%).  Red oak was the most 
commonly used den species at 31.5%, sugar maples and basswoods were the next most common 
species making up 10.5% each.  Of the remaining species, each was used 5.3% of the time.  
Cavity height was determined for all 19 unique den trees.  The average cavity height was 1.60m 
with a standard deviation of 0.76.   Maximum cavity height was 10.67.   12 of the 19 cavities 
were 0.0m (ground level entries).  Around each den the density of the canopy cover was 
evaluated and 73.7% of the dens had canopy covers ≥67%.   
Due to the fact each of the three areas the martens were located in (798F in Olga Lake, 
365F in Pine River and 600F in Caberfae) was distinct, each of the den tree plots for a given area 
were compared to random plots with the same area (i.e. den plots in Olga Lake were compared to 
random plots also located in Olga Lake).  The mean DBH of den trees within Olga lake 
(61.95cm) compared to the DBH of non-den trees in the same area (21.19cm) were significantly 
smaller, p<0.001.  In Pine River the mean den tree DBH (38.88cm) in comparison to DBH of the 
non-den trees (18.96cm) was also significantly different, p<0.001.  Finally, in Caberfae the mean 
DBH of den trees (47.58cm) versus the DBH of non-den trees (28.1cm) was statistically 
significant, p<0.001 (Table 2). 
 In Olga Lake the mean DBH of trees in plots around dens (22.25cm) was not 
significantly different (p=0.053) than in plots around random sites (23.23cm). Similarly, in Pine 
River the den plots (M=20.09) in comparison to the random plot (20.93cm) were not found to be 
significantly different, p=0.086.  In Caberfae, however, between the den plot (M=24.44) and the 
random plot (29.09cm) a significant difference was found, p= 0.0026 (Table 2).  Finally when 
den tree DBH from all three areas were compared (51.78cm) to the random trees across all three 
areas (40.81cm), there was no significant difference, p=0.26 (Table 2). Basal area for each 
female’s den plots was calculated (13.26cm) and compared to all of the random plots (13.12cm), 
and no significant difference was found, p=0.49 (Table 3).    Other aspects of vegetation analysis 
were studied previously, including course woody debris, brush piles and relative number of 
saplings, and no statistical significance was found (Bradke et. al. 2012).   
DISCUSSION 
 Our data indicates 66.7% rate of reproduction, with 4 of 6 females producing litters; 
however, only three of the four litters survived into the tracking season and only two total litters 
had confirmed survival rates through the end of the summer.  Bradke et al. (2012) had a higher 
success and productivity rate and concluded that reproduction was not a limiting factor affecting 
population growth.  Our recent data, however, can neither confirm nor deny these assumptions 
without first evaluating adult survival.  With only 4 of 6 known kit surviving and only 4 of 6 
females producing litters, I believe the reproductive success is down from last year.  This trend 
could be a result of mere seasonal fluctuations, 2012-2013 winter was harsh, spring was cool and 
a late starting summer could all affect the breeding and reproduction pattern, but more studies, 
over several years and a larger sample size, would need to be conducted to determine a growth 
trend for the population. 
 Females were tracked to 19 unique den sites throughout the course of the summer, with 
females often reusing at least one den site.  Of the three females consistently tracked, two moved 
every 3-5 days, while the other seemed to be moving more often and reusing more den sites.  
This trend is most likely due to the fact she had the largest litter size of the three- 798F had 3 
kits.  Because of the larger litter size she most likely needed to move more often for spatial, 
cleanliness and prey base reasons. Essentially, she and the kits were depleting both the space 
within the cavity and the surrounding food sources to remain in one den for more than 1-2 days.  
One study predicted that movement was due to predator and parasite avoidance (Young 1951, 
Andrew and Boggess 1978 and Wynne and Sherburne 1984); however, these predictions do not 
fit within the scope of our results. Based on the remote- motion censored cameras, kits were first 
seen out of the den the last week of May into the first week of June. This fits with Wynne and 
Sherburne’s (1984) results which quoted that kits were first found outside the den in June.  
Wynne and Sherburne (1984) also stated that the mother was seen bringing back small prey 
items which indicated that while the kits were gaining some independence and no longer nursing, 
they were still dependent on the mother for food. These results are consistent with ours based off 
of picture evidence taken by the remote- motion censored trail cameras.   
    Near the end of June and into the beginning of July, the females were often located 
resting in uncharacteristic den trees without any kits.  The kits seen on camera leading up to this 
time period were very active outside the den, of similar or greater size to the female and were 
documented catching their own prey.   Therefore, kit independence was determined to be in early 
to mid-July.  Females we tracked through the end of July, and only one female was sporadically 
seen with a kit, 798F.  More studies would need to be done, with a larger sample size, in order to 
determine kit dispersal accurately.   
 Twelve of the nineteen cavities in our study were ground level which is consistent with 
Wynne and Sherburne’s (1984) and Ruggiero’s et al.(1998) studies.   Females may be selecting 
ground level dens as a specific adaptation for kit rearing, perhaps dependent upon energetic costs 
(Wynne and Sherburne 1984).  Many studies have found that martens move to ground level 
cavities after initially denning higher up within a structure (Wynne and Sherburne 1984, Clark et 
al. 1987, Strickland and Douglas 1987 and Ruggiero et al. 1998).  Our results also indicated this 
trend.   Our results also indicated specific selection for trees with cavities and large DBH across 
all three areas, which is consistent with similar studies including Wynne and Sherburne 1984, 
Gilbert et al 1997, Ruggiero et al. 1998, Bull and Heater 2000 and Bradke et al. 2012.   
 While our results showed selection within each of the three areas for trees with large 
diameter, when comparing the DBH of the trees surrounding the den to random plots, only one 
marten (660F) showed selection for dens surrounded by larger trees.  Therefore, it appears that 
female martens are selecting for den trees with larger DBH, but not for den trees in stands of 
larger trees.  Furthermore, there was no apparent selection for basal area across the entire area of 
available habitat, in fact from plot to plot, basal area was relatively consistent.  Finally, canopy 
cover seems to be a factor in den site selection.   73% of the den sites within MNF have ≥67% 
canopy cover, which is consistent with other studies including Buskirk and Ruggiero 1994 and 
Raphael and Jones 1997. 
 Literature regarding marten den site characteristics is relatively consistent in stating that 
mature, older growth forests provide suitable habitat (Buskirk and Ruggiero 1994, Gilbert et al. 
1997, Ruggiero et al. 1998 and Slauson et al. 2007).  Across the range of marten habitat, similar 
results have been found regarding the type of structure ideally used for denning.  In Northern 
Wisconsin most dens were found in upland hardwoods and conifers in large trees >50cm in 
diameter (Gilbert et al. 1997).  Buskirk and Ruggiero (1994) found that trees, logs and snags 
made up 61.2% of all den structures for marten habitats from a series of data taken from various 
locations.  Bull and Heater’s (2000) study in the Blue Mountains of Northeastern Oregon found 
that 73% of the natal dens were in cavities and post natal dens were found to be in hollow logs or 
cavities 58% and 21% of the time respectively.   Raphael and Jones (1997) found that in central 
Oregon, 67% of dens were in live trees, snags and logs.  In Washington den were found in live 
trees and snags 85% of the time (Raphael and Jones 1997).   
 Den structures do differ greatly  in Wyoming, where martens were found using rock 
crevices and squirrel middens and nests quite frequently -50% of the time- while live trees only 
accounted for 2% of all den structures (Ruggiero et al. 1998).  Similarly, while Raphael and 
Jones (1997) did find martens using live trees, snags and logs, 29% of the time martens were 
found in slash piles.  Bull and Heater (2000) found martens underground or in slash piles 20% of 
the time.  Therefore, some of these areas can offer a wider variety of denning structures 
including middens and slash piles that MNF cannot. 
MANAGEMENT IMPLICATIONS 
 The availability of den sites does not appear to be a limiting factor, but should remain a 
management priority.   MNF does not offer the variety of denning structures that places such as 
Wyoming do.  Therefore, it is important to maintain large trees and snags, specifically those 
≥50cm in DBH.  Fallen logs should also be considered viable denning habitat and therefore, left 
in place.  Furthermore, canopy cover also seems to be a factor affecting denning structures.  
Canopy cover should be maintained at a relatively high percentage.  Clearing and thinning 
should be managed carefully so areas do not become too open for marten den site selection.  Red 
and White Oaks and Sugar Maples are three key species that martens showed selection for given 
their availability.  Therefore, they should be maintained within the MNF.  Finally the number of 
dens that were located either within or very near a pine stand was relatively high, suggesting an 
importance to marten.  Thinning or destruction of these pine stands could have a negative effect 
on the current marten population. 
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Figure 1. The study areas, all located within Manistee National Forest, Michigan and spanning 
parts of Lake and Wexford counties.  
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Figure 2.  Remote-motion censored trail camera pictures of females and their kits.  From the top: 
365F (Pine River) with her single kit and 798F (Olga Lake) with her 3 kits. (600F, Caberfae, had 
2 kits, picture is just not displayed.) 
 
 
 
 
  
Table 1.  Kit survival and den usage for 4 female American marten within Manistee National 
Forest, Michigan, April-August 2013. 
Marten 
ID 
Litter Size 
Date of 
first den 
location 
Kit 
survival 
(%) 
Date kits 
first seen 
Unique den 
sites 
Total den 
sites 
Reused 
den 
sites 
        
798F 3 4/11/2013 100 5/23/2013 9 12 3 
365F 1 5/7/2013 100 5/29/2013 6 6 0 
600F 2 5/10/2013 N/A* 6/7/2013** 4 5 1 
367F 1 N/A*** 0 N/A N/A N/A N/A 
        Mean 1.75 +/- 0.96 
   
6.33 +/- 2.52 7.67 +/- 3.79 
  
*=Kits were last seen with the mother in late June.  No kits were captured during trapping, 
therefore kit survival is unknown. 
**=Cameras could not be placed at the first two den trees located.  Data comes from the first 
time an available camera was able to visually confirm kits. 
***= She lost her only kit near the middle to end of May.   
 
 
 
 
 
 
 
 
 
 
 Table 2.  T-test analysis comparing local level characteristics, DBH and basal area, for 17 
unique den sites used by three female marten April through July 2013 and random plots all 
within Manistee National Forest, Michigan. 
 Mean Standard 
Deviation 
P-Value 
 
365F    
Den Tree DBH 38.88 10.38 0.004 
Random Tree DBH 18.96 7.42 
Den Plot DBH 20.09 7.24 0.09 
Random Plot DBH 20.93 7.28 
    
600F    
Den Tree DBH 47.58 5.81 0.004 
Random Tree DBH 28.10 8.23 
Den Plot DBH 24.44 12.17 0.003 
Random Plot DBH 29.09 12.45 
    
798F    
Den Tree DBH 61.95 15.84 <0.001 
Random Tree DBH 21.19 4.91 
Den Plot DBH 22.25 9.34 0.05 
Random Plot DBH 23.23 8.89 
    
Basal Area (m
2
/ha)    
Den Plot 13.29 8.10 0.49 
Random Plot 13.12 6.39 
 
 
 
